Plasmid DNA from an avian strain of Chlamydiapsittaci was purified and estimated to be 7.9 kb in size using restriction endonuclease analysis. A 5-9 kb fragment of this plasmid was cloned, mapped and used to screen a range of chlamydia1 strains. Hybridizing DNA was absent from ovine abortion and arthritis isolates and also from the Cal 10 strain but related sequences were detected in C. psittaci strains of feline pneumonitis, guinea-pig inclusion conjunctivitis, ovine conjunctivitis and C. trachomatis serovar L2. The plasmid DNA from the feline strain was shown to have a distinct restriction endonuclease profile. Similar plasmid sequences were detected in all avian isolates tested: thus the clone may have a useful diagnostic role for the detection of the pathogen in its natural host and in zoonotic episodes.
INTRODUCTION
The obligate intracellular parasite Chlamydia psittaci infects a variety of animal hosts, including man, and causes a wide spectrum of disease. There are no well-established typing systems for this pathogen but recent studies using microimmunofluorescence (Perez-Martinez & Storz, 1985) and restriction endonuclease analysis of chlamydial DNA (McClenaghan et af., 1984) suggest that the species comprises many subtypes. In agarose gel analysis of undigested C . psittaci DNA from various strains, plasmid-like bands were observed in avian isolates but not in ovine strains (McClenaghan et al., 1984) . Ethidium bromide staining in agarose gels is a relatively insensitive technique which would not detect very low copy numbers of plasmid or plasmid DNA integrated into the chromosome. It was therefore necessary to use hybridization as a more sensitive method of detection. Because of the difficulties in preparing workable amounts of C . psittaci plasmid, we cloned a plasmid fragment and used this in hybridization assays to screen a range of C. psittaci strains for the presence of similar sequences. Smith, Department of Bacteriology, University of Edinburgh, UK. The avian isolates included in this study are described in Table 1 :
METHODS
Culture andpurijication of elementary bodies. Methods used were described by McClenaghan er al. (1984) . Briefly, chlamydial strains were cultured in BHK-2 1 cells treated with 5-iodo-2'-deoxyuridine, except for avian isolates ISN 1021 to 1815 listed in Table 1 , which were cultured in L929 cells treated with emetine (Bevan & Bracewell, 1986) . Elementary bodies were purified by centrifugation through 30% (v/v) Urografin (Schering), followed by density gradient centrifugation (3040 %, v/v Urografin). All avian strains were grown and purified in biohazard laboratories.
Preparation of chlamydial DNA. In most cases, total chlamydial DNA was extracted from purified elementary bodies by the method described by Wenman & Lovett (1982) . However, with avian isolates, DNA was prepared from elementary bodies produced by the sucrose cushion method (McClenaghan et al., 1984) or simply from infected cells.
Plasmid DNA was isolated by caesium chloride/ethidium bromide (CsCl/EB) density gradient centrifugation as described by Maniatis et al. (1982) . The gradient fractions containing plasmid DNA were identified by agarose gel electrophoresis of small samples. Plasmid DNA for cloning was isolated by preparative gel electrophoresis; plasmid bands were excised from gels and the DNA was purified by electroelution, phenol extraction, ethanol precipitation and ion-exchange chromotography using an 'Elutip' mini-column (Schleicher and Schull).
Gel analysis of DNA. Agarose gel analysis was done using standard techniques with either Tris/sodium phosphate buffer (36 mM-Tris, 30 mM-sodium dihydrogen phosphate, 1 mM-EDTA, pH 7.6) or Trislacetic acid buffer (40 mM-Tris, 20 mM-SodiUm acetate, 1 mM-EDTA, pH 7.5) for the preparative experiments.
Continuous (73 % w/v) polyacrylamide gels were used to analyse small DNA digest fragments. These gels were silver-stained by the method described by Herring et al. (1982) except that with this buffer system, the initial washing time in 10% (v/v) ethanol and 0.5% acetic acid was reduced to 10 min and the 0.01 M-silver nitrate wash to 20 min.
Restriction endonuclease digests were done under the conditions recommended by the manufacturers (BRL and Northumbria Biologicals).
Hybridization conditions. Southern transfer was by the method described by Maniatis et al. (1982) , and dot blot filters were prepared by loading 0.1 pg amounts of alkaline-denatured DNA using a BRL 'Hybridot' manifold.
Purified preparations of plasmid DNA or the insert from clone pAV-1 were labelled by nick-translation to a specific activity of 1-2 x lo* c.p.m. pg-' (Rigby et al., 1977) . Filter hybridization was done by using the methods described by Maniatis et al. (1982) ; filters were then washed twice in 1 x SSC (0.15 M-NaC1, 0.015 M-trisodium citrate, pH 7.0) with 0.1 % (w/v) SDS for 15 min at room temperature, followed by two washes in 0.1 x SSC in 0.1 % Restriction endonuclease site mapping. Mapping was achieved by conventional double digest techniques, and by using plasmid insert cleaved with NciI after end-labelling the Hind111 sticky ends with the Klenow fragment of DNA polymerase I (Maniatis et a/., 1982) . The large NciI fragment was purified by rate zonal density gradient centrifugation (Raafat El-Gewely & Helling, 1980) and mapped by partial digestion (Smith & Birnsteil, 1976) .
RESULTS
Agarose gel analysis of undigested DNA preparations from avian strains of C. psittaci derived from cockatiel, pigeon and duck sources all showed extrachromosomal plasmid bands. Analysis of the total undigested DNA of the cockatiel strain 725 on CsCl/EB density gradients confirmed that these bands consisted of covalently closed circular DNA, since they were found at a higher density than the chromosomal DNA. The constraints imposed by the containment facilities limited the size of avian cultures produced for analysis. Therefore only small amounts (10-50 ng) of purified plasmid were available for restriction endonuclease studies to identify a suitable cleavage site with which to clone plasmid sequences. The largest fragment identified was a HindIII fragment of approximately 6 kb. However, PAGE of HindIII digests revealed that the enzyme also produced four smaller fragments as shown in Fig. 1 (track 1) . Accordingly, a HindIII digest was ligated to HindIII-linearized pUC9 and the mixture used to transform competent E. cofi cells. Several colonies were identified by screening with nick-translated plasmid and examined by plasmid extraction.
One colony, designated pAV-1, was shown to have an insert of 5.9 kb and was selected for further investigation. After gel purification and labelling, this sequence was shown to hybridize to the extrachromosomal bands of parental strain DNA in Southern blotting experiments (Fig.  2, track 16 ). The insert was digested with a range of restriction endonucleases and analysed using PAGE. NciI, HaeIII and EcoRI were found to cut at one, two and three sites respectively, and were used for mapping by double digest and end-labelling techniques. The orientation of the insert in the pUC9 vector was established by comparing EcoRI digests of the intact recombinant plasmid and the insert. The resultant map is shown in Fig. 3 . Fragment sizes were consistent with data previously obtained for intact chlamydial plasmid digests with HaeIII and EcoRI (unpublished data).
The cloned insert was used as a hybridization probe to attempt to find a suitable enzyme which would linearize the chlamydial plasmid and allow cloning of the complete molecule. Purified plasmid was cleaved in the presence of bacteriophage DNA as a control for complete digestion, and analysed by Southern blotting. No restriction sites were found for BamHI, PstI, SmaI or XhoI while TaqI cut at multiple sites and, as yet, no linearizing enzyme has been identified.
The size of the intact chlamydial plasmid was estimated to be 7.9 kb from the insert size (59 kb) plus the four small HindIII bands (Fig. 1) . This was consistent with the mobility of a faint band present in undigested chlamydial DNA in agarose gels which we presume to be a linear form of plasmid.
The insert from clone pAV-1 was used to screen a variety of C. psittaci isolates for plasmid sequences in dot blot and Southern blot hybridization assays. Fig. 2 shows the results of screening 13 separate avian isolates and the parent strain 725. Total infected cell DNA was used, so there was little control over the amount of chlamydial DNA in each sample; nevertheless, all isolates showed hybridization with extrachromosomal bands of identical mobility. Weak hybridization observed at the level of chromosomal DNA may indicate a low frequency of integration but may also be due to physical entrapment by the large amount of DNA in this band. The analysis was then extended to include a range of mammalian isolates (Fig. 4) and hybridization was observed with feline pneumonitis, guinea-pig inclusion conjunctivitis and ovine ocular isolates, and also with DNA from C. trachomatis LGV L2 strain. No hybridization was found with the ovine arthritis strain or with our Cal 10 isolate. When ovine abortion isolates were screened, no hybridization was observed with any of seven isolates as shown by the dot blot analysis in Fig. 5 ; the other mammalian and avian strains were included as positive controls. Additionally, two abortion isolates of low passage (H574 pass 6 and S507 pass 4) were screened by Southern blotting and were also found to be negative. A previous dot blot experiment showed that our probe did not hybridize with uninfected cellular DNA. The strong hybridization found with the feline pneumonitis strain suggested that this isolate may possess sequences identical to Table 1 for details). Track 16 is the plasmid donor strain. Origin, chromosomal and plasmid bands as detected by ethidium bromide staining are indicated as 0, Ch and P, respectively. the avian plasmid. However, when plasmid DNA was purified from this strain by CsCl/EB density gradient centrifugation, digested with Hind111 and compared with avian plasmid DNA by PAGE, a clearly different profile was obtained as shown in Fig. 1 .
DISCUSSION
The presence of small 6.6 kb plasmids in chlamydiae was first reported by Lovett et al. (1982) for both C. trachomatis and C. psittaci (meningopneumonitis strain). More recently, Hyypia et al. (1984) confirmed that the plasmid is present in all 15 serovars of C. trachomatis and suggested that this property could be used to detect chlamydiae in clinical specimens. The plasmid from the meningopneumonitis strain (Cal 10, a laboratory strain of uncertain origin and passage history; Francis & Magill, 1938) was cloned by Joseph et al. (1986) and found to be 6.2 kb in size. The smaller size and the single restriction site for EcoRI distinguishes that plasmid from the avian plasmid we have partially cloned. However, both the Cal 10 plasmid and our avian plasmid share sequence homology with the C. trachomatis plasmid which suggests a common ancestry. Plasmids of the same compatibility grouping often share homology at the origin of replication (Broda, 1979) . That plasmid DNA may well show more sequence variation than genomic DNA has been suggested by Peterson & De La Maza (1984) who demonstrated differences in the restriction endonuclease profiles of plasmids from LGV serovars I and I1 from that of serovar 111. We have demonstrated that the plasmid from the feline pneumonitis strain has a clearly different restriction endonuclease profile from that of our parent avian strain, but shows strong hybridization with the cloned 5.9 kb fragment. The genomic restriction endonuclease profile of the feline pneumonitis strain was found to differ substantially from those of avian or ovine strains (A. J. Herring, unpublished data).
Both Joseph et al. (1986) and Clarke & Hatt (1986) undertook in vitro transcription and translation of cloned C. trachomatis plasmid DNA and identified plasmid-encoded proteins. Plasmid conservation in a wide variety of strains in both species argues that it confers some selective advantage, but our finding that certain C. psittaci strains lack this class of plasmid DNA suggests it is not essential. It is possible that plasmids may be lost in long-term culture as appears to have happened with our strain of Cal 10, but our consistent failure to find plasmid sequences in nine ovine abortion isolates of varying passage level and identical restriction endonuclease profile make it unlikely that any abortion strains have this class of small plasmid.
Recently, it has been reported that the TWAR strains, which are associated with human respiratory disease, also lack plasmid bands discernible by conventional agarose gel electrophoresis (Campbell et a!., 1987) . However, the newly introduced pulsed field electrophoretic techniques for larger DNA molecules are ideally suited to reveal if other, larger plasmid forms exist in chlamydiae.
The presence of plasmid in all avian isolates tested from a diversity of species means that clone pAV-1 may well have potential as a diagnostic reagent for the detection of this widespread infection of birds (Grimes, 1985) , and in identifying zoonotic episodes.
